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Objective 
  
 

     
 
 

Present Overview of NASA satellites and models for 
atmospheric products 
 
Present case studies of weather and climate studies 
 
 
 
 

NASA Applied Sciences Program   
Water Resources site: http://wmp.gsfc.nasa.gov/ 



NASA Water Products 
•  Rain     
•  Snow/Ice 
•  Water Vapor 
•  Clouds 
•  Soil Moisture	
  
•  Ground Water 
•  Snow/Ice  
•  Rain, Clouds, Water Vapor 
•  Soil Moisture 
•  Evaporation/Transpiration 
•  Run off 

 
 
  
 

Water Cycle Components  

Products in red - derived from satellite measurements 
 
Products in blue -  derived from atmospheric/land surface models in which 
satellite measurements are assimilated   



NASA Atmospheric Products  

•  Precipitation:           Kg/m2/hour or mm/hour 
•  Water Vapor: 

 - Column Integrated water vapor                                                         Kg/m2 
     -  Vertical profile  of specific humidity                                                    Kg/Kg 
     -  Vertical profile of relative humidity                                                      Fraction  

•  Clouds: 
 - Cloud Fractional Area                                                                           Fraction 

     -  Cloud Top Pressure and Temperature                                                  hPa  & Degree 

•  Temperature: 
 -  Ocean and Land Surface Temperature         K or °C 

     -  Vertical profile                         K or °C 
•  Winds: 

 -  East-west and north-south wind components           m/s 
     -  Surface wind and vertical profile of winds                                     m/s 

 
 
  
 



NASA Atmospheric Products 
 

Source: Satellite measurements 
 
Aqua/AIRS and MODIS : Temperature, Water Vapor, Clouds 
Aqua/AMSR-E:  Vertically Integrated Water Vapor  
Terra/MODIS  : Water Vapor, Clouds 
 
Aqua and Terra are both polar orbiting satellites 
 
Source: Satellite and Surface Data Assimilated Models 
 
Modern Era Retrospective-Analysis for Research and Applications 
(MERRA): Temperature, Winds, Water Vapor, Clouds 
 



NASA Satellites and instruments for Atmospheric 
Products 

  
 Terra/           - MODerate Resolution Imaging  Fractional Cloud Cover 
 Aqua                 Spectroradiometer (MODIS)  Cloud Top Pressure/Temperature 

       Cloud Ice/Water Path, Cloud 
      Optical Depth, Cloud Effective Radius 

                     Column Integrated Water Vapor 
      
 
Aqua              - Atmospheric Infrared Sounder           Fractional Cloud Cover 
                             (AIRS)                                               Cloud Top Pressure/Temperature 
                                                                                       Column Integrated Water Vapor, 
                                                                                       Vertical Profile of Specific  

       Humidity  and  Relative Humidity 
 
Aqua               - Advanced Microwave Scanning        Column Integrated 
                              Radiometer for EOS  (AMSR-E)        Oceanic Water Vapor, Sea 

         Surface Temperature 
     

 

Satellites Products Instruments 



Terra and Aqua MODerate Resolution Imaging 
Spectroradiometer (MODIS) 

 •  36 spectral bands ranging from 
0.41 to 14.385 microns. 

•  Products: Clouds, Column 
Integrated Water Vapor (for 
cloudy and cloud-free 
conditions) 

•  Measurement footprint – varies 
from 250 m to 1000 m 

•  Global, twice daily 
measurements [Terra 2000/03 to 
present, Aqua 2002/07 to present]	
  

MODIS Image 



Terra and Aqua MODerate Resolution Imaging 
Spectroradiometer (MODIS) for Weather and 

Climate  
Time-mean Cloud Fraction Jan2003-Dec2011 

Cloud Fraction and Cloud Top 
Pressure for July 4, 2011 



Terra and Aqua MODerate Resolution Imaging 
Spectroradiometer (MODIS) 

•  Gridded data at 1°x1° 
resolution, daily and monthly 
MODIS products are 
available from Giovanni 

MODIS day/night average cloud fraction  
April 14, 2012 



http://ladsweb.nascom.nasa.gov/browse_images/global_browser.html 
 

MODIS Global Browser 



Aqua Atmospheric Infrared Sounder (AIRS) 
•  Cutting-edge infrared 

technology with 2378 
spectral bands in 0.5 to 15 
micron 

•  Products: 3-dimensional 
maps of air and surface 
temperature, water vapor, 
and cloud properties.   

 

•  Measurement footprints vary 
from about 2.5 km to 14 Km 

•  Global, twice daily 
measurements [2002/07 to 
present]	
  

 
 



Aqua Atmospheric Infrared Sounder (AIRS) for 
Weather and Climate 

Variations in the three dimensional distribution of 
atmospheric water vapor, where higher altitudes 
appear brighter. Made with AIRS data retrieved 
during summer and fall, 2005.  
 
Image credit: Dr. Vincent J. Realmuto, Earth 
Surface Science Group, JPL 
 

Hurricane Fred Observed by 
AIRS: 9 September, 2009  



Aqua Atmospheric Infrared Sounder (AIRS) 
•  Gridded data at 1°x1° resolution, daily and monthly 

AIRS products are available from Giovanni 

Total Column Water Vapor (mm): June 14, /2012 Surface Skin temperature (K): June 14, 2012 



Aqua	
  Advanced	
  Microwave	
  Scanning	
  Radiometer	
  for	
  
EOS	
  (AMSR-­‐E)	
   

•  Twelve-channel, six-
frequency, passive-
microwave 6.925, 
10.65, 18.7, 23.8, 36.5, 
and 89.0 GHz 

•  Provides ocean surface 
temperatures, total 
column atmospheric 
moisture over ocean 

Typhoon 14 (28 October 2010) 

AMSR-E Water Vapor 



 MERRA: Modern Era Retrospective-analysis for 
Research  and  Application 

 
   

 
 

•  Satellite and surface 
measurements assimilated model 

•  Products: 3-dimensional maps of  
air temperature, humidity, winds.  
 Also provides ‘modeled’ clouds 
and precipitation 

 
•  Spatial resolution: Spatial 

Resolution: 2/3°x1/2°,1.25°x1.25° 
(approximately 66x50 km2, 
125x125 km2) 

•  Global, hourly, daily, monthly data 
[1979/01 to present]	
  

 
 



 MERRA: Modern Era Retrospective-analysis for 
Research  and  Application 

 
   

 
 

Upper level east-west wind: JJA 2011 

Upper level east-west wind: DJF 2011-12 

Hourly, Monthly products are 
available from Giovanni 



Obtain MERRA, MODIS, AIRS Products  
Can be downloaded from http://mirador.gsfc.nasa.gov by a 
keyword search. Also, can search by time and location/region 
 



Case Study: Inter-annual Variability 

El Niño Condition in Dec 2009  
AIRS Sea Surface Temperature (K) 

La Niña Condition in Nov 2010 
AIRS Sea Surface Temperature (K) 

MERRA Upper Level East-West Winds 
Dec 2009  

MERRA Upper Level East-West Winds 
Nov 2010  



Case Study: Inter-annual Variability 

TRMM Rain Dec 2009  

TRMM Rain Nov 2010 

AIRS Total Column Water Vapor Dec 2009  

AIRS Total Column Water Vapor Nov 2010  



The Tushka, Oklahoma tornado. 
34.3203° N, 96.1669° W 

Case Study: Severe Weather over eastern 
Oklahoma (13-14 April 2011) 

MODIS Cloud Fraction 4/13/2011   

MODIS Cloud Fraction 4/14/2011   

4/13/2011   
MERRA Moisture 

4/14/2011   



The Tushka, Oklahoma tornado. 
34.3203° N, 96.1669° W 

Case Study: Severe Weather over eastern 
Oklahoma (13-14 April 2011) 

MERRA  Low level Northward Winds 

Increase in low level 
winds around Tushka 



Summary 

NASA Atmospheric Products can be used to 
conduct case studies associated with weather 
and climate conditions and develop scenarios, 
for developing potential mitigation strategies at 
the regional level 



Thank You! 

Amita Mehta: NASA-UMBC-JCET          amita.v.mehta@nasa.gov 


